Karinch AM, Martin JH, Vary TC. Acute and chronic ethanol consumption differentially impact pathways limiting hepatic protein synthesis. Am J Physiol Endocrinol Metab 295: E3-E9, 2008. First published March 11, 2008 doi:10.1152/ajpendo.00026.2008.-This review identifies the various pathways responsible for modulating hepatic protein synthesis following acute and chronic alcohol intoxication and describes the mechanism(s) responsible for these changes. Alcohol intoxication induces a defect in global protein synthetic rates that is localized to impaired translation of mRNA at the level of peptide-chain initiation. Translation initiation is regulated at two steps: formation of the 43S preinitiation complex [controlled by eukaryotic initiation factors 2 (eIF2) and 2B (eIF2B)] and the binding of mRNA to the 40S ribosome (controlled by the eIF4F complex). To date, alcohol-induced alterations in eIF2 and eIF2B content and activity are best investigated. Ethanol decreases eIF2B activity when ingested either acutely or chronically. The reduced eIF2B activity most likely is a consequence of twofold increased phosphorylation of the ␣-subunit of eIF2 on Ser 51 following acute intoxication. The increase in eIF2␣ phosphorylation after chronic alcohol consumption is the same as that induced by acute ethanol intoxication, and protein synthesis is not further reduced by long-term alcohol ingestion despite additional reduced expression of initiation factors and elongation factors. eIF2␣ phosphorylation alone appears sufficient to maximally inhibit hepatic protein synthesis. Indeed, pretreatment with Salubrinal, an inhibitor of eIF2␣(P) phosphatase, before ethanol treatment does not further inhibit protein synthesis or increase eIF2␣ phosphorylation, suggesting that acute ethanol intoxication causes maximal eIF2␣ phosphorylation elevation and hepatic protein synthesis inhibition. Ethanol-induced inhibition of hepatic protein synthesis is not rapidly reversed by cessation of ethanol consumption. In conclusion, sustained eIF2␣ phosphorylation is a hallmark of excessive alcohol intake leading to inhibition of protein synthesis. Enhanced phosphorylation of eIF2␣ represents a unique response of liver to alcohol intoxication, because the ethanol-induced elevation of eIF2␣(P) is not observed in skeletal muscle or heart. mRNA translation initiation; alcohol; eukaryotic initiation factor 2B; eukaryotic initiation factor 2 IN WESTERN INDUSTRIALIZED COUNTRIES, approximately two-thirds of the entire population above the age of 18 yr consumes alcohol. Chronic alcoholic beverage abuse is the leading cause of end-stage liver disease and subsequent mortality in the United States (46). The liver is particularly at risk for alcoholrelated damage because it receives portal blood directly from the intestinal tract and thus experiences the highest concentration of alcohol presented to any organ. In addition, ethanol metabolism in the liver produces potentially harmful toxic metabolites such as acetaldehyde, acetate, and reactive oxygen species (24). Clinically, the syndrome leading to end-stage hepatic failure in alcoholics is referred to as alcoholic liver disease. Liver pathologies, including steatosis, alcoholic hepatitis, and cirrhosis of varying degrees, typify the alcoholic liver disease process (44) and result from both direct and indirect effects of ethanol. Furthermore, decompensated alcoholic liver disease requiring admission to intensive care units is associated with high hospital mortality rates (26). Indeed, the 4-yr mortality is Ͼ60% in patients with cirrhosis and superimposed alcoholic hepatitis. Alcoholic liver disease has a known etiology but possesses a complex and incompletely known pathogenesis. In addition to the cumulative amount of alcohol intake and alcohol consumption patterns, factors such as sex and ethnicity, genetic background, nutrition, energy metabolism abnormalities, oxidative stress, immunological mechanisms, and hepatic comorbidity conditions play a key role in the genesis and progression of alcoholic liver injury (66).
IN WESTERN INDUSTRIALIZED COUNTRIES, approximately two-thirds of the entire population above the age of 18 yr consumes alcohol. Chronic alcoholic beverage abuse is the leading cause of end-stage liver disease and subsequent mortality in the United States (46) . The liver is particularly at risk for alcoholrelated damage because it receives portal blood directly from the intestinal tract and thus experiences the highest concentration of alcohol presented to any organ. In addition, ethanol metabolism in the liver produces potentially harmful toxic metabolites such as acetaldehyde, acetate, and reactive oxygen species (24) . Clinically, the syndrome leading to end-stage hepatic failure in alcoholics is referred to as alcoholic liver disease. Liver pathologies, including steatosis, alcoholic hepatitis, and cirrhosis of varying degrees, typify the alcoholic liver disease process (44) and result from both direct and indirect effects of ethanol. Furthermore, decompensated alcoholic liver disease requiring admission to intensive care units is associated with high hospital mortality rates (26) . Indeed, the 4-yr mortality is Ͼ60% in patients with cirrhosis and superimposed alcoholic hepatitis. Alcoholic liver disease has a known etiology but possesses a complex and incompletely known pathogenesis. In addition to the cumulative amount of alcohol intake and alcohol consumption patterns, factors such as sex and ethnicity, genetic background, nutrition, energy metabolism abnormalities, oxidative stress, immunological mechanisms, and hepatic comorbidity conditions play a key role in the genesis and progression of alcoholic liver injury (66) .
Animal models of acute alcohol intoxication and chronic alcohol consumption have been developed to approximate human "binge drinking" and long-term alcohol abuse. In acute models, animals receive ethanol by oral gavage, intraperitoneal injection, or intragastric infusion, and livers are usually examined within several hours of ethanol administration. Blood alcohol concentrations in these animals reach ϳ250 -450 mg/ dl, similar to concentrations observed in humans after binge drinking. Variations of two different animal models of chronic ethanol consumption are commonly employed: 1) an all-liquid diet, fed ad libitum or intragastrically infused (13, 25) , and 2) a mixed solid-liquid diet, where ethanol is supplied in the drinking water (10 -12%, vol/vol) with solid chow ad libitum (48) or solid chow ad libitum supplemented with agar containing 30 -40% ethanol (3, 23, 60) . Blood alcohol concentrations fluctuate widely but range from 50 to 150 mg/dl, a level sufficient to cause impaired motor activity in humans. Controls of all models are pairfed to the ethanol-consuming groups so that nutritional intake is approximately equal among groups. The liquid and mixed solid-liquid diets differ in that animals on the liquid diet rapidly develop steatosis (enlarged fatty liver) (25) , whereas animals on the mixed diet fail to develop overt steatosis (41) .
Besides its central role in intermediary nutrient metabolism, the liver synthesizes plasma proteins essential for maintenance of whole body homeostasis and host defense. Alcohol affects the turnover of both resident and secreted liver proteins (35, 42) . Hepatic protein turnover can be altered by changes in the rate of protein synthesis and/or the rate of proteolysis, but additional factors also determine liver weight and total protein content. Synthesis and storage of lipid in steatosis increase liver weight, and the associated increase in fatty acid binding protein (34) contributes to the protein content. Alcohol-induced inhibition of secretion leads to accumulation of exported proteins such as albumin and transferrin (2, 52, 63) . Decreased plasma concentrations of these two proteins would be expected to alter homeostatic mechanisms. In addition, alcohol intoxication inhibits degradation of both secreted and resident hepatic proteins (9, 12, 27, 36, 37) .
Protein synthesis is also inhibited by ethanol. Ethanol inhibits protein synthesis in isolated hepatocytes in culture (14, 29, 64) and decreases protein (albumin) synthesis in isolated perfused rabbit (31) and rat liver (17) and in rat liver slices (52) . Furthermore, both acute alcohol intoxication (39, 51) and chronic feeding of an alcohol-containing diet (19, 38, 47, 48) depress hepatic protein synthesis in vivo. Even moderate social drinking in humans (a bottle of wine with a mixed meal over a 3-h period, inducing blood alcohol of 75 mg/dl) inhibits hepatic protein synthesis (7) . Therefore, understanding the molecular mechanisms of alcohol action on protein synthesis may have implications for prevention or treatment of alcoholrelated liver disease.
Within the last decade, identification of the molecular mechanisms underlying the inhibitory effect of alcohol on protein synthesis has begun. This review presents the current understanding of the means by which acute and chronic alcohol consumption alter steps in the complex scheme of molecular reactions that comprise the translation pathway of mRNA into proteins. To date, most studies have focused on alcoholinduced alterations in content and activity of the translation initiation factors eIF2 and eIF2B with less emphasis on the eIF4 system.
Pathway of Protein Synthesis
Translation of mRNA into protein is a multistep process that involves the association of the 40S and 60S ribosomal subunits, mRNA, initiator methionyl-tRNA (met-tRNA i met ), other amino acyl-tRNAs, cofactors (i.e., GTP, ATP), and protein factors, collectively known as eukaryotic initiation factors (eIFs), elongation factors (eEFs), and releasing factors (RFs) (Fig. 1) . The total abundance of RNA is not reduced by acute ethanol intoxication, indicating that the number of ribosomes available for protein synthesis is unaffected (19) . Chronic alcohol consumption does not change (23, 60) or slightly reduces (38) hepatic RNA content. The efficiency of translation, calculated by dividing protein synthesis rate by total RNA content, provides an index of how rapidly existing ribosomes synthesize protein. In livers from animals acutely consuming ethanol, the translational efficiency is reduced by ϳ24% compared with fed control animals (19) . Likewise, translational efficiency is depressed by chronic ethanol ingestion (23, 38) . Thus the decrease in hepatic protein synthesis following alcohol intoxication results from decreased translational efficiency. Reduced translation efficiency can occur in any one or more of the three phases of mRNA translation: 1) initiation, whereby met-tRNA i met and mRNA bind to 40S ribosomal subunits and subsequent binding of the 40S ribosomal subunit to the 60S subunit forms a ribosome complex capable of translation (Fig.  1) ; 2) elongation, during which tRNA-bound amino acids are incorporated into growing polypeptide chains according to the mRNA template, regulated by eEF1 and eEF2; and 3) termination, where the ribosomal subunits and completed polypeptides are released.
Decreased translational efficiency may result from inhibition of peptide-chain initiation and/or elongation/termination. Relative rates of peptide-chain initiation and elongation can be assessed by the measurement of protein synthetic rates coupled with analysis of the distribution of ribosomal subunits between free subunits and polysomes. The amount of RNA in free ribosomal subunits reflects the balance between the rates of peptide-chain initiation and elongation/termination. Alcohol causes disaggregation of polysomes into free ribosomes (23, 31, 42) . An increase in the relative abundance of free ribosomal subunits in conjunction with a decreased rate of protein synthesis in livers from rats consuming alcohol indicates that ethanol reduces the rate of peptide-chain initiation relative to elongation/ termination. Therefore, the ethanol-induced reduction in hepatic translational efficiency results from a greater inhibition of peptide-chain initiation. The alcohol-induced inhibition of initiation of hepatic protein synthesis is not related to diminished amino acid concentrations (23, 45) , high-energy phosphates (23), abundance of ribosomes (19, 23, 39) , or aminoacyl-tRNA formation (15) . Instead, the rate of peptide-chain initiation is modulated by changes in the amount and/or activity of various initiation factors.
Alcohol-Induced Changes in Translation Initiation
Two major regulatory sites in the pathway responsible for peptide-chain initiation are catalyzed by 1) the eIF2/eIF2B system, which controls formation of the 43S preinitiation complex (Fig. 2) ; and 2) the eIF4F system, which regulates association of the 43S complex with the 5Ј-cap of mRNA, forming the 48S preinitiation complex (Fig. 1) .
Alterations in the eIF2/eIF2B system. Formation of the 43S preinitiation complex, the first regulatory step in initiation, involves the attachment of the met-tRNA i met to the 40S ribo-somal subunit, a reaction mediated by eIF2 ( Figs. 1 and 2 ). eIF2 is a GTP-binding protein and cycles between GTP-and GDP-bound forms during initiation. eIF2⅐GDP is released with the other initiation factors when the 48S preinitiation complex combines with the 60S to form an 80S initiation complex capable of allowing elongation of the growing polypeptide chain to proceed. In this process, formation of the eIF2⅐GTP⅐met-tRNA i met ternary complex is required to activate the initiator met-tRNA and 40S ribosome to initiate another round of translation. At the end of each cycle of initiation, eIF2 is released in complex with GDP. Because the GTP-bound form of eIF2 is required for ternary complex formation, eIF2-bound GDP must be exchanged for GTP. The exchange of GDP for GTP on eIF2 is catalyzed by the nucleotide exchange factor eIF2B. Both acute alcohol intoxication and chronic alcohol consumption primarily disrupt the eIF2/eIF2B system (19, 23) . eIF2B activity is inhibited through changes in its cellular content and phosphorylation of eIF2B on Ser 535 of its ⑀-subunit (eIF2B⑀) by a signaling pathway involving glycogen synthase kinase-3 (GSK-3) (65). It is not known, however, whether alcohol modulates GSK-3 activity in the liver.
In addition, the exchange activity of eIF2B is inhibited by phosphorylation of eIF2 on its ␣-subunit (eIF2␣), which results in formation of a stable, inactive eIF2⅐eIF2B complex (Fig. 2) . Phosphorylation of the ␣-subunit of eIF2 is increased by both acute intoxication and chronic ethanol intake with consequent reduction of eIF2B nucleotide exchange activity and inhibition of protein synthesis (19, 23) . Acute administration of ethanol does not alter the cellular content of eIF2 or eIF2B (19) . With continued alcohol abuse, eIF2␣ phosphorylation remains elevated (23) . In addition, long-term alcohol ingestion reduces the cellular content of eIF2 (Karinch AM and Vary TC, unpublished observation) and of eIF2B (20% decrease) (23) . Decreased eIF2B content may contribute to the decreased eIF2B exchange activity. Thus other changes in the eIF2/eIF2B system develop with chronic alcohol abuse, in addition to eIF2␣ phosphorylation.
Sustained eIF2␣ phosphorylation is a hallmark of excessive alcohol intake whether intoxication occurs acutely or chronically. eIF2␣ phosphorylation increased approximately twofold after both chronic alcohol consumption (23) and acute ethanol intoxication (19) . Interestingly, protein synthesis was inhibited 24% by acute ethanol intoxication (19) and was not further reduced by long-term alcohol ingestion (25% decrease) (38) (Karinch AM and Vary TC, unpublished observation), suggesting that eIF2␣ phosphorylation alone is sufficient to maximally inhibit hepatic protein synthesis. There are at least two possible explanations for the failure of decreased eIF2 and eIF2B content to further depress protein synthesis. First, eIF2B is present in liver at a two-to threefold lower molar concentration than eIF2 (30) . An effect of decreased eIF2B content on protein synthesis during chronic alcohol consumption may be negated by sequestration of the majority of eIF2B by phosphorylated eIF2␣ into inactive eIF2B⅐eIF2 complex (Fig. 2) . Second, decreased eIF2B activity would be expected to increase the proportion of inactive eIF2⅐GDP complex compared with active eIF2⅐GTP complex, perhaps minimizing the effect of decreased eIF2 content. The ability of alcohol to enhance the phosphorylation of eIF2␣ represents a unique response of liver to alcohol intoxication, because ethanol-induced elevation of eIF2␣(P) is not observed in skeletal muscle or heart (19, 20, 22) .
Alterations in the eIF4F system. The second regulatory step in mRNA translation initiation, which involves binding the 43S preinitiation complex to the m 7 GTP cap of mRNA, is mediated by the eIF4F complex (Fig. 1) . The eIF4F complex consists of the cap-binding protein eIF4E, eIF4A (RNA helicase), and eIF4G (a scaffold protein). During initiation, eIF4E binds to mRNA via the m 7 GTP cap, and the eIF4E⅐mRNA complex binds with eIF4A and eIF4G to form a functional eIF4F cap-binding complex. eIF4F complex formation may be modulated by availability of eIF4E, which can be sequestered in an inactive complex with an eIF4E-binding protein (4E-BP1). Phosphorylation of 4E-BP1 releases eIF4E from 4E-BP1, making eIF4E available for interaction with eIF4G and assembly of a functional eIF4F complex.
Acute alcohol administration does not affect the hepatic content or phosphorylation of initiation factors that comprise the eIF4F system (19) . However, chronic alcohol consumption decreases the content of active eIF4E⅐eIF4G complex as a result of sequestration of eIF4E by 4E-BP1 in the inactive eIF4E⅐4E-BP1 complex (23) . Reduced eIF4E⅐eIF4G complex assembly did not result from altered content or phosphorylation of 4E-BP1 or eIF4E, suggesting that the upstream effector kinase mTOR (mammalian target of rapamycin) that phosphorylates 4E-BP1 is not involved. In contrast to liver, alcoholinduced protein synthesis inhibition in skeletal and cardiac muscle is accomplished by disruption of the eIF4F system by decreased 4E-BP1 phosphorylation secondary to impaired mTOR (Ser 2448 ) phosphorylation (54) without affecting eIF2/ eIF2B (19, 59) . Therefore, alcohol inhibits peptide-chain initiation, and thus protein synthesis, via different mechanisms in liver and striated muscles.
Sex Differences Influence Protein Metabolism in Liver
Women who consume large amounts of ethanol tend to exhibit symptoms of alcoholic liver disease and develop cirrhosis more quickly than their male counterparts (53) . In addition, they have a higher relative risk than men of developing liver disease for a given alcohol consumption (4). Many studies have identified ways in which females and males differ in their response to alcohol that could render females more susceptible than males to alcohol-induced liver injury and disease. These include, but are not restricted to, lower first-pass metabolism of ethanol taken up by the gut, resulting in higher blood alcohol concentrations in females with accompanying enhanced oxidative stress and lipid peroxidation (1, 11) , and activation of Kupffer cells in females followed by the subsequent cascade of events that accompany elevation of cytokines, chemokines, and adhesion molecules (50) .
In addition, sex-dependent changes in hepatic protein metabolism appear to play a role in development of ethanolinduced hepatic dysfunction. In this regard, females show a greater leakage of lysosomal proteolytic enzymes (cathepsin B) into the cytosol for a given intake of ethanol (8) . The effect of alcohol consumption on cardiac and skeletal muscle structure and function has been compared in male and female rats (21, 33, 58) . In these tissues, protein synthesis is inhibited to a greater extent by ethanol intake in males compared with females, and although both males and females show echocardiographic evidence of cardiomyopathy, the male group is more significantly affected by alcohol than the female group. These differences do not relate to alcohol-induced alterations in plasma estradiol concentration (18, 21) .
The basal rate of hepatic protein synthesis is higher in females than in males (10, 48) , but little is known about sex differences in hepatic protein synthesis in response to alcohol. Incorporation of valine into plasma proteins is unchanged in male rats consuming an alcohol-supplemented diet for 6 -7 wk but is decreased 36% in female rats (48) . Preliminary observations from our laboratory suggest that hepatic protein synthesis is inhibited to a greater extent in female rats compared with males following chronic consumption of ethanol. Additional detailed comparative studies of the activity and content of initiation factors of the eIF2/eIF2B and eIF4F systems in males and females under control conditions and during alcohol intoxication are required to elucidate molecular mechanisms that underlie sex differences in hepatic protein synthesis that may contribute to the increased susceptibility of females to alcohol-induced liver disease.
Effect of Acute Withdrawal of Alcohol
Liver disease secondary to alcohol abuse ranges from alcoholic fatty liver disease to acute hepatitis to cirrhotic liver disease. It is imperative that alcohol be discontinued to allow for any potential improvement in liver function, with most benefit being seen in the early stages of the disease process (28, 32, 49) . Maintaining abstinence can lead to significant regression of fibrosis and possibly early cirrhosis. Alcohol-induced inhibition of hepatic protein synthesis in rats is not reversed when alcohol is withdrawn for 3 days after long-term consumption of an alcohol-containing diet (61) . In contrast, alcohol-induced inhibition of protein synthesis in skeletal and cardiac muscle is completely reversed within 3 days after return of animals to an alcohol-free diet (61) . The reason for the tissue-specific difference may reside in the response of eIF2 in the liver. eIF2␣ phosphorylation returns to normal, but the hepatic cellular content of eIF2 remains below control levels after return to an alcohol-free diet, consistent with the reported correlation between eIF2 content and protein synthesis (6, 16, 56) .
Regulation of Peptide-Chain Elongation by Chronic Alcohol Consumption
Although mRNA translation initiation is the principal site of regulation by alcohol, changes in elongation may also modulate protein synthesis. Inhibition of elongation may not play a major role in the response of liver protein synthesis to acute intoxication. Indeed, elongation factors eEF1A and eEF2 are not affected by acute intoxication (60) . In contrast, alterations in eEF1A and eEF2 occur with chronic ethanol consumption. The major role of eEF1A is to mediate the transfer of aminoacyl-tRNA to the A site of the ribosome, whereas eEF2 catalyzes translocation of the deacylated tRNA in the P site and peptidyl tRNA in the A site into the E and P sites, respectively (Fig. 1) . Long-term consumption decreases the content of eEF1A, whereas eEF2 content is unaffected. In contrast, chronic alcohol abuse decreases eEF2 phosphorylation (60) .
Reduced phosphorylation of eEF2 would be expected to enhance the rate of peptide-chain elongation (43) . Therefore, the overall effect of ethanol on elongation involves the balance between the divergent effects on eEF1 and eEF2 in liver. The result may be no net effect on the rate of elongation. The effect of alcohol consumption on peptide-chain elongation has not been investigated in detail.
Inhibitor Studies
Inhibitors of alcohol metabolism have been used to determine whether effects of ethanol on cellular processes are ascribed to alcohol metabolites or to ethanol, per se. The principal pathway of ethanol metabolism in liver is oxidation to acetaldehyde, mediated by alcohol dehydrogenase (ADH) and subsequent rapid oxidation of acetaldehyde to acetate by aldehyde dehydrogenase (ALDH). 4-Methyl pyrazole (4-MP) is a specific competitive inhibitor of ADH. Administration of 4-MP inhibits both the ADH pathway and the microsomal oxidation of ethanol in the liver, preventing the production of acetaldehyde and alterations in redox potential. In one series of experiments using perfused rabbit liver, ethanol, acetaldehyde, and 4-MP were added singly or in various combinations to the perfusate (31) . Ethanol inhibited protein synthesis and caused polysome disaggregation, but the effects of 4-MP and acetaldehyde were dependent on the nutritional state (fed or fasted) of the liver donor, complicating interpretation of the results. Addition of 4-MP partially prevents the inhibition of protein synthesis and completely restores the polysome distribution in rat hepatocytes in culture, suggesting that ethanol inhibition of protein synthesis is partly linked to ethanol metabolism (14) . In heart and skeletal muscle, the effect of pretreatment with 4-MP or cyanamide, an inhibitor of ALDH, before ethanol administration suggests that both alcohol itself and its metabolite acetaldehyde are inhibitory agents (40, 55) .
Salubrinal is a specific inhibitor of protein phosphatase 1 (PP1), the cellular complex that dephosphorylates eIF2␣, resulting in sustained, elevated eIF2␣ phosphorylation (5) (Fig. 2) . eIF2␣ phosphorylation was measured by immunoblot techniques using eIF2␣ and eIF2␣(P) antibodies, giving a relative rather than absolute degree of phosphorylation. The magnitude of the elevation in relative eIF2␣ phosphorylation and inhibition of hepatic protein synthesis following Salubrinal treatment is not different from that observed following acute ethanol treatment (Table 1) . (57) and relative eIF2␣ phosphorylation by immunoblot analysis using anti-eIF2␣ and anti-eIF2␣(P) antibodies (62) ; n ϭ 8 -10 mice per group. eIF2␣(P) ANOVA, P Ͻ 0.0005, Kruskal-Wallis statistic (KW) ϭ 18.4; protein synthesis ANOVA, P Ͻ 0.05, KW ϭ 11.0. *P Ͻ 0.05 vs. control.
Furthermore, pretreatment with Salubrinal before ethanol treatment does not further increase eIF2␣ phosphorylation or reduce protein synthesis, suggesting that acute ethanol intoxication causes maximal increase in eIF2␣ phosphorylation and hepatic protein synthesis inhibition. These data are consistent with ethanol enhancing eIF2␣ phosphorylation by activation of an eIF2␣ kinase or by inactivation of eIF2␣ phosphatase PP1, the phosphatase inhibited by Salubrinal.
Summary and Future Directions
Alcoholic liver disease presents numerous challenges to clinicians. Screening for alcohol abuse and alcoholism should be routine with close attention to signs and symptoms of liver disease, because hepatic damage is reversible in the early stages of the disease. In patients with evidence of liver dysfunction or injury, consideration should be given to performance of liver biopsy for diagnosis, staging, and prognosis. Recent research, which has shed light on the mechanisms of alcohol-induced liver injury, offers the prospect of advances in the management of alcoholic liver disease, including inhibition of protein synthesis.
It will be important to delineate both binge drinking (acute models) and long-term alcohol consumption (chronic models) because of differences in the molecular mechanism of protein synthesis inhibition in each scenario. Chronic studies using the mixed solid-liquid diet suggest that reduced hepatic protein synthesis is an early manifestation of alcohol abuse that develops before significant lipid accumulation (47) . Our recent elucidation of the mechanisms underlying alcohol-induced inhibition of hepatic protein synthesis suggests that the principal site of regulation of translation is ternary complex formation, regulated by the initiation factors eIF2 and eIF2B. eIF2␣ is maximally phosphorylated and protein synthesis is maximally inhibited by acute alcohol intoxication, and these changes persist following long-term ethanol abuse. However, long-term consumption of alcohol causes additional changes including alterations in the eIF4F system, and possibly in the elongation phase of translation, that may act to limit return of protein synthesis to pre-alcohol states after abstention from alcohol ingestion. Although significant progress has been made in recent years in identifying a number of the key molecules and complexes affected by alcohol consumption, many questions remain. Because of the key role of eIF2 and eIF2B in regulating hepatic protein synthesis in response to alcohol and the clinical importance of sex differences and abstinence, it will be important to examine the activity and content of components of the eIF2/eIF2B system 1) in liver of male and female rats under normal conditions and during consumption of alcohol and 2) during abstinence following withdrawal from chronic alcohol consumption. Finally, proteomic analysis will be a useful tool to identify specific proteins that are differentially expressed during acute intoxication or chronic alcohol consumption.
